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ABSTRACT: A comparative study was carTied out between the two biggest creeks along 
the Arabian Gulf coast of the United Arab Emirates to evaluate impacts of sewage and 
industrial effluents on their hydrochemical characteristics. Surface and bottom water 
samples were collected from Abu Dhabi and Dubai creeks during the period from October 
1994 to September 1995. The hydrochemical parameters studied were: temperature 
(21.10-34.00°C), salinity (37.37-47.09%o), transparency (0.50-10.0 m), pH (7.97-8.83), 
dissolved oxygen (1.78-13.93 mg/l) and nutrients ammonia (ND- 13.12,ug-at N/1), nitrite 
(ND-6.66 ,ug-at N/1), nitrate (ND- 41.18 ,ug-at Nil), phosphate (ND- 13.06 ,ug-at P/1), 
silicate (0.68-32.50 ,ug-at Si/1), total phosphorus (0.26- 21.48 ,ug-at P/1), and total silicon 
(0.95- 40.32 ,ug-at Si/1). 
The present study indicates clearly that seawater of Abu-Dhabi Creek was warmer 
(28.l2°C) than Dubai (27 .56°C) resulting in a higher rate of evaporation. Owing to more 
evaporation, salinity levels showed higher levels at Abu Dhabi (43.33%o) compared to 
Dubai (39.03%o) seawater. The study also revealed higher secchi disc readings at Abu 
Dhabi Creek (4.68 m) as compared to Dubai Creek (2.60 m) suggesting more 
transparency at Abu Dhabi Creek. Whereas, seawater of Dubai exhibited higher levels of 
pH (1.03 times), and dissolved oxygen (1.05 times) than Abu Dhabi seawater due to an 
increase in productivity. Meantime, seawater of Dubai showed higher tendency to 
accumulate ammonia (8.22 times), nitrite (10.93 times), nitrate (5.85 times), phosphate 
(10.64 times), silicate (1.60 times), total phosphorus (3.19 times), and total silicon (1.54 
times) compared to Abu Dhabi seawater due to the enrichment of seawater at Dubai with 
domestic sewage waters which has distinctly elevated the levels of the nutrient salts 
particularly in inner-most parts of the creek leading to eutrophication signs. The changes 
occurred in the receiving creek water of Dubai as a result of waste-water disposal that 
have also reflected on the atomic ratios of nit: Effect of pollution rogen: phosphorus: 
silicon. 
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INTRODUCTION 
The United Arab Emirates has an extensive coastline (more than 800 km) along the 
Arabian Gulf and the Gulf of Oman. The coastal waters of the country play an important 
role in its national economy since about ninety percent of its fish requirement is met from 
the fish landings from this area. Along its west and east coasts, the United Arab Emirates 
is endowed with a number of creeks such as Abu Dhabi, Dubai, Al-Sharjah, Ajman, Umm 
al-Quwain, Ras al-Khaimah, and Kalba creeks. These semi-enclosed areas of the sea are 
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usually highly productive regions constituting breeding grounds for many species of 
marine fishes. However, they are subjected to large amounts of contaminants through 
industrialization, waste disposals, and coastal development programmes. Hence the study 
of their water quality is important for a better understanding of their productivity. 
The study pertains to investigate precisely the changes which took place on the water 
quality of the two biggest creeks in the United Arab Emirates as a result of contaminants 
disposals. 
Materials and Methods of Analysis: 
Surface and bottom water samples (average depth: 7 m) were collected monthly from 
5 October 1993 to September, 1994 at twenty four stations selected in the territorial waters 
of the Emirates of Abu Dhabi, Sharjah, Umm al-Quwain, Ras al-Khaimah (Fig. 1). 
Surface and bottom seawater samples (average depth: 5 m) were collected monthly 
from Abu Dhabi and Dubai creeks during the period from October 1994 to September 
1995 using a mechanical boat. Locations of different sampling stations are shown in Fig. 
1. Sampling was done by means of a Hydro-Bios plastic water sampler. The samples were 
analyzed for: temperature, salinity, transparency, pH, dissolved oxygen, and nutrient salts 
like ammonia, nitrite, nitrate, phosphate, silicate, total phosphorus, and total silicon. 
Air and surface seawater temperatures were measured using an ordinary thermometer 
graduated to 0.1 °C. Bottom seawater temperatures were measured by using a protected 
thermometer with a scale ranging from -5 to 31 °C, attached to the Nansen Bottle. Salinity 
measurements were carried out using a calibrated Labcomp model SCT-1000 salinometer. 
pH measurements were done using a portable pH-meter (HANNA HI 8314 membrane 
pH-meter). Dissolved oxygen was determined according to Strickland and Parasons 
(1968). Samples for nutrient salts were frozen at an extremely low temperature (-25°C) 
after preservation with 0.5% chloroform in the field and determinations were carried out 
spectrophotometrically according to methods described by Grasshoff (1976a). 
Reproducibility, as expressed by the standard deviation of triplicate analysis, for 
temperature, salinity, Secchi disc readings, pH, dissolved oxygen, ammonia, nitrite, 
nitrate, phosphate, silicate, total phosphorus, and total silicon were ± 0.1 °C, ± 0.01 %o, ± 
O.lm, ± 0.005, ± 0.04 mg/1, ± 0.005 p,g-at N/1, ± 0.02p,g-at Nil,± 0.2p,g-at N/1, ± 0.006 
p,g-at P/1, ± 0.025 p,g-at Sill,± 0.008 p,g-at P/1, ± 0.047 p,g-at Si/ respectively. 
RESULTS AND DISCUSSION 
The ranges and mean values of the different hydrochemical parameters are given in 
Table l. Temperature variations in both areas followed that of the air. The minimum 
seawater temperatures for Abu Dhabi (21.82°C) and Dubai (20.l5°C) were measured in 
the winter season when air temperatures were at minimum (22.5°C). In response to the 
rising of air temperatures, an increase in seawater temperatures has observed. The 
maximum seawater temperatures in Abu Dhabi and Dubai creeks (33.49 and 33.l9°C) 
were measured in August when air temperatures were at maximum (35.3°C). Despite the 
heating effect of the sun on surface layers, seawater temperatures at surface and bottom 
layers (Table 1) were nearly similar due to the shallowness of the area and the transference 
of heat throughout the water column by mixing processes. Regional variations indicated 
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Fig. 1. The Gulf coast of the United Arab Emirates showing areas of study and locations 
of sampling stations. 
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that the highest seawater temperatures were recorded at station A-9 (28.26°C) and station 
D-7 (27.77°C) situated in the inner most parts of both creeks. While the lowest seawater 
temperatures were recorded at station A-3 and station D-1 located at the entrance of the 
two creeks. In general, seawater of Abu Dhabi Creek (average =28.l2°C) was warmer 
than the seawater of Dubai Creek (average =27.56°C). 
Table 1. Ranges and mean values(± SD) of different hydrochemical parameters in 
the Abu-Dhabi and Dubai creeks of the United Arab Emirates. 
Area Abu-Dhabi Creek Dubai Creek 
Parameters Range Mean±SD Range Mean± SD 
Temperature s 21.60 - 34.00 28.12 ± 4.1 21.10- 34.00 27.77 ± 4.3 
CCC) B 21.60- 34.00 28.06 ± 4.1 20.20- 33.00 27.35 ± 4.3 
Salinity s 40.39 - 46.87 43.21 ± 0.6 37.37- 43.45 38.94 ± 1.0 
(%o) B 40.39- 47.09 43.45 ± 0.5 37.58- 45.63 39.11 ± 1.2 
Transparency 1.75- 10.00 4.68 ± 1.8 0.50- 8.00 2.60 ± 1.8 
pH s 7.97- 8.27 8.13 ± 0.1 8.00- 8.83 8.35 ± 0.2 
B 8.01 - 8.29 8.13 ± 0.1 8.00- 8.65 8.32 ± 0.2 
Dissolved Oxygen s 5.08- 8.48 6.36 ± 0.8 4.09- 13.93 7.67 ± 2.3 
(mg!l) B 5.08- 8.72 6.44 ± 0.9 1.78 - 8.87 5.81 ± 1.7 
Ammonia s ND- 4.42 0.75 ± 0.3 0.05- 13.12 5.72 ± 12.1 
(JLgat Nil) B ND- 2.85 0.60 ± 0.5 ND- 9.24 5.45 ± 1.7 
Nitrite s ND- 0.40 0.15 ± 0.1 0.11 - 6.66 1.70 ± 0.8 
({Lg-at Nil) B ND- 0.43 0.14 ± 0.1 0.11 - 5.40 1.47 ± 0.6 
Nitrate s 0.11 - 26.19 2.92 ± 2.7 0.42- 41.18 12.90 ± 7.7 
(JLg-at Nil) B ND- 6.17 1.49 ± 1.1 0.36- 37.05 12.90 ± 8.8 
Phosphate s ND- 0.66 0.18 ± 0.1 0.07- 13.06 2.01 ± 2.4 
({Lg-at Pll) B ND- 0.66 0.18 ± 0.1 0.13- 6.40 1.82± 1.1 
Silicate s 0.68- 18.15 5.79 ± 3.4 0.79- 32.19 9.16 ± 5.6 
({Lg-at Sill) B 1.18- 18.93 6.32 ± 3.5 1.58- 32.50 10.20 ± 5.5 
Total phosphorus s 0.26- 2.61 0.86 ± 0.5 0.59- 21.48 3.02 ± 1.5 
(JLg-at Pll) B 0.26- 2.48 0.84 ± 0.4 0.56- 6.81 2.40 ± 0.9 
Total silicon s 0.95- 18.96 9.66 ± 3.6 6.94-40.32 14.35 ± 7.3 
(JLg-at Sill) B 1.82- 17.34 9.80 ± 3.9 5.64-38.06 15.62 ± 6.4 
S: Surface samples, B: Bottom samples, ND: Not detected 
Monthly variations in salinity levels revealed the absence of well defined seasonal 
variations in seawater of Abu Dhabi Creek. At Dubai Creek, the maximum monthly 
salinity levels (Surface: 41.10 and Bottom: 42.00%o) were found in October when 
seawater temperatures were high (Surface: 28.0 and Bottom: 28.4°C). On the other hand, 
the minimum monthly values (Surface: 37.86 and 38.07%o) were found in April when 
seawater temperatures (Surface: 23.6 and Bottom: 23.7°C) were low. Owing to more 
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evaporation, salinity levels showed higher levels in Abu Dhabi creek (43.33%o) compared 
to Dubai Creek (39.02%o) (Table 1). Grasshoff (l976b) stated that salinity increases 
towards the inner parts of the Arabian Gulf. In the present study, the highest salinity levels 
occurred in the Abu Dhabi area at station A-9 (46.03 and 46.20%o) due to a strong 
evaporation. Whereas lowest salinity levels (Station A-1: 41.71 and 41.80%o) occurred at 
the outer stations of Abu Dhabi Creek. At Dubai Creek, no clear difference in salinity 
levels could be observed despite the higher rate of evaporation in inner parts. The salinity 
levels at the inner most parts (Station D-7: 39.2l%o) were more or less comparable to the 
outer parts (Station D-1: 39.09%o) due to the disposal of fresh water of low salinity from 
several waste-water disposals (Fig. 1). Vertical distributions of salinity in the two regions 
indicated almost similar levels at surface (43.21 and 38.94%o) and bottom (43.45 and 
39.11%o) layers (Table 1) due to the shallowness of the area (average depth: 5.0 m). 
As the transparency of seawater is dependent on the amount of suspended matter, the 
secchi disc readings (Table 1) in both areas have been affected by the waste-water disposal 
characterized by its high contents of suspended materials. Monthly values, however, 
revealed no distinct trend of seasonal variations due to irregular and wide variations in 
secchi disc readings. Regional variations, on the other hand, indicated more transparent 
(4.68 m) water at Abu Dhabi Creek compared to Dubai Creek (2.60 m) due to an increaase 
in turbidity in Dubai Creek caused from increased contents of suspended materials in the 
waste water discharged from several outfalls (Fig. 1). Average values of the transparency 
in both areas were lower in inner most parts (Station A-9: 2.8 m and Station D-7: 1.02 m) 
compared to outer parts (Station A-1: 4.95 and Station D-1: 4.50 m) indicating an increase 
in the seaward direction. 
Monthly variations in pH values in the two regions indicated unclear seasonal 
variations due to changes in the quantity and constitution of the effluents causing changes 
in the quality of the receiving creek water. However, as a result of a higher productivity, 
pH levels of seawater at Dubai were higher (av.: 8.34) than those of Abu Dhabi (av.: 8.13), 
although the two values are around 8. Regional variations in pH values at Abu Dhabi 
Creek showed insignificant differences among all stations. Whereas, the highest levels 
were observed mainly in the inner parts of Duhai Creek (Station D-7: 8.47) with a trend 
of a seaward decline (Station D-1: 8.19). The highest values reported for the inner parts 
of Dubai Creek were mainly due to an increase in the rate of photosynthetic activity that 
rises the pH levels as a result of the consumption of carbon dioxide and subsequent 
increase in the oxygen concentration. 
Monthly variations of dissolved oxygen were not clear in the two regions. The 
average values of dissolved oxygen in Abu Dhabi and Dubai creeks (av.: 6.93 and 7.26 
mg/1, 142 and 150 sat.%) in the winter season were more or less similar to the average 
values (av.: 5.87 and 6.22 mg/1, 148 and 154 sat.%) measured during the summer season. 
Moreover, the distribution of dissolved oxygen showed unclear horizontal or vertical 
distribution in the seawater of Abu Dhabi creek. Whereas, obvious horizontal and vertical 
variations were observed at Dubai. The distribution of dissolved oxygen in seawater of 
Dubai had a tendency to decrease in a seaward direction. Station D-7 located in the inner-
most parts attained the highest average value (av.: 7.86 mg/1, 195 sat.%); while station D-
1 (av.: 6.14 mg/1, 150 sat.%) achieved the lowest values. Meanwhile, variations with a 
tendency to decrease with depth was also observed at Dubai (Table 1). The comparatively 
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higher values at surface layers ofDubai Creek particularly at station D-7 (10.10 mgl1, 250 
sat.%) were mainly due to the increased rate of photosynthesis confirmed by the high 
concentration of chlorophyll-a (Sharaf, 1995; Shriadah and Al-Ghais, 1999) and increased 
aeration on account of active winds. The relatively low values recorded at the bottom 
layers especially in the inner most parts of Dubai Creek (Station D-7: 5.62 mgll, 137 
sat.%) were mainly due to the decomposition of organic materials accumulated near the 
bottom. Shriadah stated that the accumulation of the organic materials near the bottom 
through: 1) the role of bottom sediments on the enrichment of overlying water layers; and 
2) precipitation of the huge quantities of organic materials discharged inside to creek from 
a number of outfalls (Shriadah, 1998; Shriadah, 1999). 
Monthly variations of nutrient salts in Dubai Creek were more obvious than in Abu 
Dhabi creek. The highest concentrations of nitrate (av.: 4.13 p,g-at Nil) in the Abu Dhabi 
surface waters as well as nitrite (av. surface: 2.33 and av. bottom: 2.07 p,g-at Nl1), 
phosphate (av. surface: 2.87 and av. bottom: 2.44 p,g-at Pl1), and total phosphorus (av.: 
4.02 and 3.16 p,g-at Pll) were measured in the summer season when the water 
temperatures were high (av.: 33.49 and 33.19°C) due to the oxidation of organic materials. 
On the other hand, the lowest concentrations of nitrate (av.: 2.09 p,g-at Nl1) in the Abu 
Dhabi surface waters as well as nitrite (av. surface: 1.26 and av. bottom: 1.04 p,g-at Nl1), 
nitrate (av. surface: 8.25 and av. bottom: 7.84 p,g-at Nil), phosphate (av. surface: 1.40 and 
av. bottom: 1.38 p,g-at Pll), and total phosphorus (av. surface: 2.52 and av. bottom: 2.05 
p,g-at Pll) in Dubai Creek were measured in the winter season when seawater 
temperatures were low (av.: 21.82 and 20.l5°C) due probably to the increase in the rate of 
uptake of these nutrient salts by plankton prevailed mainly in summer season (Sharaf, 
1995). Distributions of.silicate and total silicon showed higher levels in Abu Dhabi (av.: 
9.02 jlg-at Sill) and Dubai creeks (av.: 15.3 p,g-at Sill) during the summer season. The 
lower values were found at Abu Dhabi (av.: 6.43 p,g-at Sill) and Dubai (av.: 8.49 p,g-at 
Sill) creeks during the winter season. The higher values in the summer season were 
resulted from the increase in the rate of its regeneration by solution from diatom frustules 
(Sharaf, 1995). The minimum values, on the other hand, were due to the increase in the 
rate of silicate uptake by phytoplankton. Regional variations, on the other hand, indicated 
that the concentrations of nutrient salts were significantly different in both areas. For 
example, the seawater ofDubai Creek had higher concentrations of ammonia (8.22 times), 
nitrite (10.93 times), nitrate (5.85 times), phosphate (10.64 times), silicate (1.60 times), 
total phosphorus (3.19 times), and total silicon (1.54 times) compared to Abu Dhabi 
Creek. The accumulation of nutrient salts were higher in the most inner parts where 
eutrophication signs were observed at station D-7 of the Dubai Creek. Station D-7, located 
in the inner-most part of the creek showed higher concentrations of ammonia (4.42 times), 
nitrite ( 4.42 times), nitrate (1.58 times), phosphate ( 4.97 times), total phosphorus (3.63 
times), silicate (2.68 times, and total silicon (1.70 times) than station D-1 at the entrance 
of the creek indicating a decrease in a seaward direction. This pattern of distribution for 
nutrient salts was not found in Abu Dhabi Creek as the variations between different 
stations were negligible. Except for silicate and total silicon, vertical distributions of other 
nutrient salts showed an increase with depth in some months at some stations. However, 
a decrease with depth was also observed at some stations in several months. The increase 
of nutrient salts with depth was due to their uptake in the euphotic zone by plankton which 
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was more abundant in the surface layers (Sharaf, 1995) and regeneration from organic 
materials in the bottom (Shriadah, 1998 and 1999) which is supported by the relative 
decrease in oxygen contents. Whereas the decrease with depth was attributed to 
decomposition of organic materials floating on the surface and discharged from several 
numbers of outfalls (Fig. 1) as well as nitrogen fixation (Chester, 1990). The presence of 
irregulmity in the vertical distributions were largely due to the intermittent waste-water 
discharge, the quantity and composition of the waste-water, and the frequency of 
discharge. Vertical distributions of silicate and total silicon, on the other hand, showed an 
increase with depth (Table 1) due to the release of silicate from bottom sediments 
(Chester, 1990) and utilization of silicate on the surface layers by organisms such as 
diatoms (Sharaf, 1995). 
The elevation of phosphorus concentrations (Table 2) resulted from the waste-water 
disposal into Dubai Creek had caused a strong deviation from the normal ratios (Redfield, 
1934 and 1958) for the silicon: phosphorus atomic ratio (1: 5) and the nitrogen: 
phosphorus (1: 10.4). At Abu Dhabi Creek, the atomic ratio of nitrogen: phosphorus was 
similar to normal (l: 16) although the levels of both elements were relatively low. 
Whereas; the ratio of silicon: phosphorus was much higher (1: 34) in the seawater of Abu 
Dhabi than the normal ratio due to the presence of high concentrations of silicon and low 
concentration of phosphorus (Table 2). 
Table 2. The atomic ratios of nitrogen: phosphorus: Silicon in the Abu Dhabi and 
Dubai creeks. 
Area Parameters Abu Dhabi Creek Dubai Creek 
Inorganic phosphorus 0.8 1.92 
(J-tg-at P/1) 
Inorganic nitrogen 3.03 20.07 
(tLg-at N/1) 
Inorganic silicon 6.06 9.68 
(tLg-at Sill) 
The atomic ratio N:P:Si 1: 16.8: 33.7 1:10.4:5.04 
In conclusion, the seawater of Abu Dhabi creek was slightly warmer, more saline and 
more transparent compared to the seawater of Dubai Creek. Whereas; the seawater of 
Dubai was more oxygenated, and exhibited higher levels of pH. Meantime, the waste-
water disposal into the creek of Dubai has resulted in the accumulation of nutrient salts 
above natural or background levels leading to the appearance of eutrophication signs such 
as elevation of nutrients particularly in the inner most parts of the creek. 
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